The design of unique chamber, in which the SCUWC (self-consolidating underwater concrete) can be tested under the impact of the hydrostatic pressure from 0.1 MPa to 0.5 MPa, is presented in the paper. The results of the preliminary tests of the effect of the hydrostatic pressure on the compressive strength of SCUWC were shown. The impact of the hydrostatic pressure on the compressive strength values of test specimens has been confirmed. There has been an increase in the strength of the specimens taken from the upper parts of the concrete samples. As it can be seen from the preliminary research, the differences in compressive strength are related to the differences that occur in the size and distribution of air voids in the samples taken from upper and lower parts of the test specimens. On the basis of the carried out investigations of the compressive strength, it can be concluded that the hydrostatic pressure has a favorable effect on the compressive strength of the tested specimens of SCUWC. Increase of the compressive strength is observed mostly in the upper layers of the samples. Preliminary analysis of the quantity and distribution of air pores in the samples of concrete subjected to pressure 0.5 MPa confirms the positive impact of the hydrostatic pressure on the layers close to the surface indicated by the absence of large air voids above 1,500 m and by reducing the quantity of air pores of size above 300 m.
Introduction


The problem of investigation of underwater concretes under hydrostatic pressure still remains unresolved due to the lack of the appropriate testing equipment. The only solution encountered in the literature is the chamber for testing a washout resistance of underwater concrete mix under pressure [1] . In the literature, there is no analysis of the effect of the hydrostatic pressure on the durability of the structural underwater concrete and the durability of the contact layer between the repair material, made of the underwater concrete and virtually non-deformable substrates which are the massive hydraulic structures, foundations or bridge heads.
The characteristic feature of the composition of the underwater concrete mixes is necessary for the utilization of the AWA (anti-washout admixtures). The AWA admixtures improve the cohesion of the concrete mix, preventing the bleeding and segregation of the mix and the binder washout during underwater concreting [2, 3] . Because of the lack of techniques for compacting underwater concrete, and the often long distance between the concrete plant and the place of concreting, SCC (self-consolidating concrete) mixes or ASCC (almost self-consolidating concrete) mixes [2] [3] [4] [5] are required. The requirements regarding to the mix consistency and necessity of using of the large amount of the binder make the HRWRA (high-range water-reducing admixture) the second basic component of the underwater concretes [6] . A try of determination of the effect of the hydrostatic pressure on the properties of UWC (underwater concrete) mixes has been presented by Assaad et al. [7] . However, there is no information about the effect of the hydrostatic pressure on the properties of the D DAVID PUBLISHING hardened UWC, its structure or strength development in time.
A structure and principle of operation of the tank for testing the underwater concretes under hydrostatic pressure have been presented in this paper. The underwater concrete tested in the chamber was designed as the ASCC concrete. The results of testing the compressive strength after 7 and 28 days of curing in the chamber are presented. The temperature of the concrete during its curing under the hydrostatic pressure from 0.1 MPa to 0.5 MPa has also been measured. The authors analyzed the pores size distribution in the tested concretes. These values were correlated as the function of the hydrostatic pressure and the placement of the specimens in relation to the surface of contact with water. respectively. The washout mass loss, determined using the CRD C 61 [9] test method, and slump flow were 5.9% and 500 mm, respectively, after 60 min.
Experimental Work
The mix proportions are presented in Table 2 .
Apparatus
The testing apparatus ( Fig. 1) consists of the bottom, bell-shaped part, stiffened with four ribs and the top part in the form of cylinder with ellipsoidal cover. The PVC (polyvinylchloride) mould for the tested concrete, of the total volume 21 dm 3 , is placed inside the bottom part. The top part of the tank is provided with the centrally fixed loading pipe of the internal diameter 100 mm, which is used to supply the concrete mix and ends with the collar closed by the flat bottom with steel bolts. In the top part of the tank, there are also the compressed air inlet, water inlet, manometer, safety valve, vent valve, overflow valve and pressure controller. The height of the top part of the tank is selected in such a way that the water level in the tank is constant and equal to 1.0 m from the upper edge of the bottom part of the tank. The maximum working pressure in the tank is 0.5 MPa and the permissible pressure is 0.6 MPa. The pressure may be controlled with accuracy of 0.01 MPa. Special construction of the bottom of the tank makes it possible to screw in the plug with the thermocouple and measure the temperature of the concrete during the curing under pressure.
Procedure
After placing the mould inside the bottom part of the tank and fixing both parts, the tank was filled with water. Then about 21 dm 3 of the concrete mix was poured into the tank through the loading pipe. The excess of water was removed through the overflow valve. The cover of the upper collar was fixed and the chosen pressure was applied. The tests have been conducted for the values of the hydrostatic pressure from 0.1 MPa to 0.5 MPa, with the step equal to 0.1 MPa. The concretes were cured in the tank for 7 and 28 days. After finishing the test, the compressor was turned off, the air was evacuated and the tank was emptied from water. After removing the top part of the tank, the mould with the tested concrete was taken out. The 100 mm cubes for the strength determination as well as the specimens for the microstructural investigation were cut from the above described sample (Fig. 2) . Half of the cubes were tested in compression immediately after cutting (thus, the compressive strength after 7 days under pressure was determined). During the cutting of the specimens for the strength testing, the places of taking the specimens from the sample were marked as T for the top part of the sample and B for the bottom part of the sample. Up to eight cubes were cut from one sample. The obtained values of the compressive strength of the concretes cured under pressure have been compared to the results of the tests performed on the cubes cut from the sample of the concrete made in the similar 22 dm 3 mould, stored in the water at the temperature 20
C but without the pressure. The temperature of the concrete cured in the mould under pressure was recorded for 7 days. The characteristics of the pores size distribution in the specimens taken from the tested UWC have been determined according to the European Standard PN-EN 480-11 [10] (European equivalent of the standard ASTM C 457 [11] ). The measurements of the air pores structure have been carried out using the image analysis system.
Results and Discussions
Compressive strength results of the concrete specimens after 7 days of curing under the hydrostatic pressure are presented in Fig. 3 , with respect to the 
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Fig. 3 Compressive strength of specimens after 7 days of curing under hydrostatic pressure.
position of the cut specimens in the concrete sample according to Fig. 2 . It has been found out that the cubes cut from the upper part of the sample have higher strength than those cut from the lower part, irrespective of the applied pressure value. The compressive strength is increasing with the growing pressure, however, the impact of the pressure is lower in the case of the specimens cut from the bottom part of the sample.
The results of testing compressive strength of the concrete specimens after 28 days of curing under the hydrostatic pressure are presented in Fig. 4 . An increase of 28-day compressive strength with the growing water pressure has been observed. The slight decrease of the strength as compared to the specimens not cured under the hydrostatic pressure has been observed only in the case of the specimens taken from the concrete samples cured under the pressure 0.3 MPa. The strength of the specimens cut from the upper parts of the samples was higher irrespective of the value of the hydrostatic pressure.
The analysis of the pores characteristics in the tested concretes revealed significant differences (Table 3 ). The general air content points to the good tightness of the concrete, however, big differences in the air content occur for the specimens cut from the upper and lower parts of the concrete samples. The air content in the specimens taken from the upper layers of the samples is significantly lower than that in the case of the specimens taken from the lower parts of the samples. The large pores of the size 2,000~4,000 m, which are the result of entrapping air during casting, have been observed only in the specimens taken from the lower parts of the tested concretes. No pores of the diameters above 1,500 m have been observed in the specimens taken from the upper layers of the concrete samples. This explains the higher compressive strength of these specimens as compared to those from the lower parts of the samples. The examples of the pores size distribution in the lower and upper parts of the concrete samples for the pressure 0 MPa and 0.5 MPa are presented in Figs. 5 and 6 .
The analysis of temperature development in the tested concretes shows that the time of hydration is extending with the growing pressure. In the case of the hydrostatic pressure on the level 0.4~0.5 MPa, time Bottom Top Fig. 4 Compressive strength of specimens after 28 days of curing under hydrostatic pressure. to achieve the maximum temperature of concrete was prolonged even by an hour. The cooling of the concrete as well as the growth of temperature were milder at the higher pressure than at the pressure 0~0.2 MPa. However, due to the difficulties with maintaining the uniform ambient conditions of the experiment performance, i.e., water temperature, temperature of the concrete mix in the time of casting, 24-hour changes of temperature in the room, time from the moment of mixing as well as the limited number of the measurements, these results should be treated as estimated ones. The examples of the temperature development for the concretes cured under the hydrostatic pressure 0.1 MPa and 0.5 MPa are presented in Fig. 7 .
Conclusions
The following conclusions can be drawn from the aforementioned test results and discussions:
(1) The hydrostatic pressure has a favorable effect on the compressive strength of the tested specimens of the underwater concretes. The growth of the compressive strength is observed mainly in the layers that are directly in contact with the pressure source of Bottom Top the tested concretes;
(2) The analysis of the content and size distribution of the air pores in the tested specimens made of the concretes cured under the hydrostatic pressure have confirmed the favorable effect of the pressure on the superficial layers of concrete. This is confirmed by observed lack of the large pores above 1,500 m in the tested specimens and decrease of the content of the pores above 300 m with the growing hydrostatic pressure; (3) The tentative analysis of the temperature development has confirmed the impact of the hydrostatic pressure on the hydration process in the tested concretes. It has been observed that the hydration 
